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TITLE: Changes in exercise and musculoskeletal symptoms of novice nurses: A 1-year follow-up study
RUNNING HEAD: RN fitness, exercise, MSD

ABSTRACT
Background: Nursing is a high-risk occupation for work-related musculoskeletal disorders and
many nursing students have a history of musculoskeletal symptoms.
Aims: To quantify (1) changes in exercise and musculoskeletal symptoms from pre-registration to
12-month registered nurses, and (2) the best predictor of severity of musculoskeletal symptoms
from measures of the five physical fitness components and exercise participation.
Methods: In this longitudinal study, August 2013 to April 2015, 62 (55.9%) of 111 nursing students
fitness tested completed questionnaires measuring nursing work history, exercise, and
musculoskeletal symptoms at baseline and 12 months post-registration.
Findings: Nurses' exercise participation declined post-registration and 38.0% were
overweight/obese. At 12 months post-registration, 76.0% experienced musculoskeletal symptoms,
mainly affecting the low back, neck, and/or shoulders. Approximately 50% of symptoms were
attributed partly/solely to work; yet few were reported to employers or prompted sick leave. For
female nurses, increases in whole-body strength were positively associated with increases in wholebody musculoskeletal symptom severity; however, the multiple regression model contained
unexplained variability.
Discussion: Many nursing students entered nursing with modifiable risk factors for work-related
musculoskeletal disorders: overweight/obese, earlier musculoskeletal symptoms, and poor exercise
habits. As registered nurses, they showed high lifetime and 12-month prevalence of musculoskeletal
symptoms and declining exercise. Reporting musculoskeletal symptoms was undervalued.
Conclusion(s): Inadequate exercise and high prevalence of musculoskeletal symptoms among
novice registered nurses may contribute to/aggravate musculoskeletal disorders. Nurse leaders
should understand the exercise habits and fitness of pre-registration and novice registered nurses to
develop interventions towards improving health behaviours to reduce musculoskeletal disorder risk.
2

RN fitness, exercise, MSD

Keywords: exercise, physical fitness, nurses, musculoskeletal disorders

SUMMARY OF RELEVANCE
Problem/issue: Little is known about the effects of fitness and exercise on musculoskeletal
disorders early in nurses' careers.
What is Already Known: Nurses have high risk for work-related musculoskeletal disorders and
many enter the workforce with musculoskeletal symptoms.
What this Paper Adds: Poor pre-registration exercise declined further early in nurses' careers.
Work-related musculoskeletal symptoms and symptoms aggravated by work largely went
unreported. Often nurses did not report symptoms because they were considered not severe enough
to warrant reporting or attributed to their own poor posture/fitness and/or poor work practices.

3

RN fitness, exercise, MSD

INTRODUCTION
Occupational exposures contribute to work-related musculoskeletal disorders (MSD) and/or
aggravate non-work-related MSD (Summers, Jinnett, & Bevan, 2015). This impacts workforce
health and productivity, producing sickness absenteeism and early retirement, notably disabilityrelated retirement (Summers et al., 2015).
Background
Nursing is a high-risk occupation for work-related MSD. In addition to musculoskeletal loads,
workplace stressors increase the risk (including shift work, inadequate resourcing, high workloads,
workplace violence) (Gray & Collie, 2016; Serranheira, Sousa-Uva, & Sousa-Uva, 2015). High
injury rates, ageing workforce, obesity, and physical inactivity will compound the situation (Vos et
al., 2015).
Although the accepted workers' compensation claim rate for nurses in Australia is
comparable to other occupations, nurses' median duration of time lost from work is higher (2.6
weeks) than other occupations (2.4 weeks) with three jurisdictions reporting considerably higher
figures: Victoria (6.4 weeks), Australian Government Comcare (5.7 weeks), and Western Australia
(WA) (3.5 weeks) (Gray & Collie, 2016). Body stressing injuries, often from manual handling,
account for half of nurses' injury claims, largely the low back and shoulders.
Workers' compensation claims underestimate the extent and impact of MSD among nurses
(Gray & Collie, 2016). Under-reporting of work-related injuries is common, particularly among
nurses in non-standard work arrangements without job security, or perceiving little concern for their
welfare or a climate of blame (Geiger-Brown et al., 2005). Nurses working with musculoskeletal
symptoms (presenteeism) incur direct and indirect costs, impact patient safety, and cost the
economy (Letvak, Ruhm, & Gupta, 2012).
Transitioning from student nurse to registered nurse (RN) is a watershed for developing
health habits that enhance capacity to cope with nursing's physical demands and for career
longevity. This is critical as low back pain 12-month prevalence rates of 18-67% have been
4
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reported in nursing students in eight countries (including Australia, Sweden and Asian countries)
with 65% of studies reporting rates >30% (Menzel, Feng, & Doolen, 2016). Low back pain rates
among nursing students approximate, or in some instances are worse than, the 12-month prevalence
rate of 38.0% in adult general populations (Manchikanti, Singh, Falco, Benyamin, & Hirsch, 2014).
While limited exposure to clinical work and long periods between exposures is protective (Menzel
et al., 2016), low back pain often recurs with intensive exposure post-registration (Mitchell,
O'Sullivan, Burnett, Straker, & Rudd, 2008).
Inactivity among nursing students is concerning; 49% of nursing students and RNs in the
United Kingdom (UK) (Malik, Blake, & Batt, 2011) and 53% in Australia (Perry et al., 2018) fail to
meet public health recommendations for weekly physical activity/exercise with lack of time and
tiredness major barriers (Malik et al., 2011). This compares unfavourably with inactive adults in the
UK general population (34-47%) (BHF, 2017) and Australia (44%) (ABS, 2015). Many nursing
students enter the workforce overweight/obese and below average physical fitness (Pugh et al.,
2019). However, no longitudinal studies were found examining the effects of leisure-time exercise
and physical fitness on novice RNs' musculoskeletal symptoms (aches/pain/discomfort), the latter
MSD warning signs (Serranheira et al., 2015). Early studies showed benefits from exercise
programs towards increasing workers' capacity to adapt to work conditions (e.g., increasing strength
and/or flexibility); results included less absenteeism, fewer low back pain reports, reduced
employee turnover (Steering Committee Workshop Work-related Musculoskeletal Injuries
(SCWWMI), 1999). Work-related MSD are likely with exposure to stress loads exceeding nurses'
personal capacity producing strain even when using assistive devices (SCWWMI, 1999). Therefore,
fitness and leisure-time exercise, contributing to individual overall physical condition, were thought
likely to affect how nurses coped with physical work demands and musculoskeletal symptoms
(Figure 1).
For nurse leaders, understanding the physical fitness and exercise habits of nursing students
and novice RNs is essential in planning interventions and/or services to improve nurses' health
5
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behaviour towards reducing MSD and improving retention. Following a cohort of nursing students
(Pugh et al., 2019), the present study aimed to describe and compare changes in leisure-time
exercise/sport and musculoskeletal symptoms among participants to RN status one year later, and to
identify the best predictor of whole-body musculoskeletal symptom severity from measures of
exercise participation and the five physical fitness components.
METHODS
Design
A longitudinal design was used with data from submaximal fitness testing and repeated online
questionnaires.
Participants
Between August 2013 and April 2015, a convenience sample of 111 students in the final two years
of baccalaureate degree nursing programs was recruited from three WA metropolitan universities,
mostly from one program with highest enrolment (87.4%). Students were eligible if 18 years or
older and low risk for physical activity/exercise (see Pugh et al., 2019); ~90.0% females were
sought in keeping with nursing student populations Australia-wide.
Data collection
A full description of study methods is available (Pugh et al., 2019). Briefly, as undergraduates,
participants completed submaximal exercise testing for the five components of physical fitness
important for performing daily activities energetically: cardiorespiratory fitness/endurance (resting
heart rate, resting blood pressure, and Åstrand-Rhyming Cycle Ergometer Test); upper body
muscular strength (combined handgrip strength); whole-body muscular strength (isometric midthigh pull test); back muscle endurance (modified Biering-Sørensen back extension test); low back
and hip-joint flexibility (sit-and-reach test); and body composition (fat:lean body mass)
(Supplement 1). Participants completed online surveys of nursing work history (employment status,
6
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job title, length of service, practice area, physical activity at work, transport to/from work),
exercise/sports performed in past week (frequency, duration, perceived exertion), and
musculoskeletal symptoms, the latter via the extended Nordic Musculoskeletal Questionnaire
(NMQ-E2) (Pugh et al., 2015). Surveys were available following fitness testing (T1), and 6 months
(T2) and 12 months (T3) post-registration with data collection completed August 2017. Nonresponders were sent reminder emails with survey and opt-out links.
Data analysis
SPSS Statistics 25 (IBM®, 2017, USA) and Stata/IC 12.1 (StataCorp LP, 2011, USA) were used for
quantitative analysis. Nursing work, exercise/sport, and musculoskeletal symptoms were quantified
using descriptive statistics. Reasons for not reporting musculoskeletal symptoms were open-coded,
categorized, and tabulated. Exercise/sport was compared with recommendations for weekly
minimum 150 min moderate-intensity, 75 min vigorous-intensity, or equivalent combination of
moderate- and vigorous-intensity cardiorespiratory exercise, and 2–3 days/week each for resistance
exercise (for muscle groups), flexibility (joint range of movement) and neuromotor exercise
(balance, agility, coordination, gait) (Garber et al., 2011).
The NMQ-E2 lacks a scoring system; musculoskeletal symptom severity scores were
calculated for the nine body regions by adapting the Cornell Musculoskeletal Questionnaire scoring
(CUErgo, c. 2003) (Supplement 2). Each region's symptom severity score was calculated as:
Frequency score × Interference score × Discomfort score (Interference: symptom interference with
work at/away from home and/or leisure activities; Discomfort: health professional consultations,
medications and/or sick leave). Body region scores were summed for whole-body symptom severity
scores; as scores showed non-normal distribution, differences at each point were examined with the
Friedman test.
Given the small number of males (n = 12) and physiological gender differences, data from
43 females completing fitness tests and all surveys were used for the best predictor of whole-body
7
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musculoskeletal symptom severity. Multiple regression analysis examined the relationship between
whole-body musculoskeletal symptom severity (dependent variable) and independent variables
postulated at outset. Predictor variables comprised: time; exercise/sport; cardiovascular fitness
measures (predicted maximal oxygen consumption (VO2max (relative)), mean heart rate, mean
resting diastolic blood pressure); muscular strength (normalized combined handgrip strength, midthigh pull peak force); back muscle endurance (mean back extension time); flexibility (trunk
flexion), and body composition (waist circumference). As whole-body musculoskeletal symptom
severity scores were highly skewed towards zero, a log transformation of scores was used. Starting
with all variables, the backward elimination procedure on F was used to remove the least significant
variable sequentially and determine the best model (Rawlings, Pantula, & Didkey, 1998); variables
with individual p-values <.05 showed an important association with whole-body musculoskeletal
symptom severity. A quantile-quantile (q-q) plot was constructed to examine line of best fit.
Scatterplots were constructed to check whether physical attributes affected the percentage of time
participants performed physical nursing tasks at T3, possibly predisposing to work-related
musculoskeletal symptoms.
Validity, reliability
Submaximal exercise testing matched components of fitness pertinent to nursing work. Two trained
research assistants, supervised by chief investigators, conducted tests using a standardized protocol
in a purpose-built laboratory (Supplement 1). The online survey of work, exercise and
musculoskeletal symptoms was previously reported (Pugh et al., 2019). The incorporated NMQ-E2
is a valid and reliable measure of musculoskeletal symptom severity among undergraduate nurses
(Pugh et al., 2015). Analyses using Heckman (1979) and Oaxaca-Binder methods (Jann, 2008) for
identifying and correcting for non-random sample bias showed no statistically significant difference
between female nurses in the multiple regression analysis and those who dropped out. The multiple
regression model had 93 observations (from three time points), which was adequate as reasonable8
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size effects and power can be detected with 20 observations per explanatory variable (Harrell,
2001).
Ethics
Human Research Ethics Committees of Edith Cowan University (No. 9357) and Murdoch
University (No. 2015/011) approved the study. Heads of Schools gave recruitment permission.
Nursing students were informed about the study and invited to participate via announcements on
university virtual learning management systems and personally during tutorials. Participants gave
written, informed consent.
FINDINGS
Nursing work history
Of the 111 nursing students tested, 100 T1, 60 T2 and 62 T3 surveys were completed with 50
completing all surveys (Figure 2). Table 1 shows participants' characteristics. At outset, mean age
was 29.7 years (SD 9.2) and most were female (n = 88; 88.0%). Fifty-six (56.0%) recorded a body
mass index (BMI) in the healthy weight range (18.5–24.9 kg/m2), 26 (26.0%) were overweight
(25.0–29.9 kg/m2), 10 (10.0%) were Obesity I (30.0–34.9 kg/m2), 2 (2.0%) were Obesity II (35.0–
39.9 kg/m2), and 6 (6.0%) Underweight (<18.5 kg/m2); BMIs remained stable throughout. Waist
circumference and BMI interrelationship indicated high–very high risk for obesity-related disease
for 13 (13%) participants.
One-fifth of undergraduates worked in nursing, mostly as nursing assistants in aged
care/gerontology or medical areas. As RNs, most had fixed-term or temporary employment with
60% working full-time and 28–40% part-time. More than half worked in medical or surgical areas
at 6 and 12 months. The proportion of time doing 10 common nursing tasks varied; overall, patient
handling decreased post-registration while standing and walking increased. At 12-months, the RNs
rated nursing work less physically demanding than at 6-months.
9
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Exercise
Most participants (90–95%) travelled to and/or from work by vehicle. A few made the journey
to/from work by walking/cycling and the opposite journey by vehicle. Those walking/cycling to
and/or from work declined from 23.8% (T1) to 17.7% (T3). Those exercising regularly, excluding
walking/cycling/jogging as transportation, declined from 66 (66.0%) as students to 35 (56.5%) as
12-month RNs. Each occasion, light-intensity walking was the preferred exercise ahead of
jogging/running, swimming and resistance exercise (weight training, health club general/combined
gym/weights) (Supplement 3).
In the survey week, 18-27% of participants had not performed cardiorespiratory exercise,
64-68% had not performed resistance exercise, 87-89% had not performed neuromotor exercise,
and 95-97% had not performed flexibility exercise (Table 2). Nineteen (19.0%) undergraduates met
minimum weekly recommendations for cardiorespiratory exercise; eight (13.3%) did so at T1 and
12 (19.4%) at T3. Three performed neuromotor exercise 2-3 days/week at T1 (3.0%) and T2
(5.0%); two of these did at T3 (3.2%). One participant (1%) performed flexibility exercise 2-3
days/week at T1; two others (3.3%) did at T2. Resistance exercise was performed 2-3 days/week by
30 (30.0%) undergraduates, 15 (25.0%) 6-month RNs and 18 (29.0%) 12-month RNs.
Musculoskeletal symptoms
At 12-months, 47 RNs (75.8%) reported musculoskeletal symptoms in one/more body regions
during the year (Table 3). Of these, 26 (41.9%) exercised regularly. Each occasion, low back
symptoms were most frequently reported: 46 (46.0%) nursing students and 28–33 (46.7–53.2%)
post-registration. Neck symptoms were second most frequently reported each time point with
shoulder symptoms third-ranked.
Post-registration, low back symptoms reduced leisure activity and required most healthcare
consultations and medication usage (Supplement 4). Affected 12-month RNs took medication more
often for neck (54.5%) and/or low back symptoms (48.5%) than for shoulder (35.0%). Symptoms in
10
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these three regions commonly lasted 1–7 days (16-29% of affected RNs) or 8–30 days (10-11% of
affected RNs). Low back symptoms affected nine (15.0%) 6-month RNs and six (9.7%) 12-month
RNs more than 30 days but not every day, and two (3.2%) 12-month RNs daily.
The RNs attributed 49.8% (n = 117) of musculoskeletal symptoms partly/solely to present
work. Few took sick leave and 82.1% (n = 96) of symptoms overall went unreported– 95.7% of
neck, 93.3% of shoulder, and 75.6% of low back. At six months, the most common reasons for not
reporting were:
(1)

Not severe/painful enough (21.6%)

(2)

Pre-existing condition/injury (18.9%) and/or Attributed to poor posture/fitness and/or to
own poor work practices (18.9%)

(3)

Occupational hazard (16.2%)

(4)

Self-managing (13.5%)

At 12 months, the most common reasons were:
(1)

Unsure if work-related (21.6%)

(2)

Not severe/painful enough (19.6%)

(3)

Attributed to poor posture/fitness and/or to own poor work practices (17.7%)

(4)

Pre-existing condition/injury (11.8%) and/or Did not interfere with work performance
(11.8%)

(5)

Self-managing (9.8%)

Most participants scored zero for each body region symptom severity (Supplement 4);
47.5% had positive severity scores for the low back (M = 18.8, SD 33.3) and 32.9% for the neck (M
= 12.1, SD 23.8). There were no significant differences in whole-body musculoskeletal symptom
severity scores between time points (p = .328).
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RN fitness, exercise, MSD

Musculoskeletal severity predictors
Considering predictors of whole-body musculoskeletal symptom severity in female nurses, midthigh pull peak force explained 15.8% of variance (R2=.158, F(1, 91)=17.02, p<.001) (Supplement
5). The fitted model is given by:
Predicted log (whole-body musculoskeletal severity) = 1.51 + 0.003 mid-thigh pull max
Stronger nurses on mid-thigh pull testing spent no more time than weaker nurses performing the
nursing tasks examined.
DISCUSSION
This study compared exercise and musculoskeletal symptoms of predominantly female
undergraduate nursing students with their 6-month and 12-month RN status, and considered the best
predictor of whole-body musculoskeletal symptom severity in females. As RNs, participants
performed fewer manual handling tasks and spent more time walking, standing and sitting.
Perceived physical effort of work remained light intensity. This is consistent with metabolic
equivalent (MET) values for such activities and occupational MET value of 2.5 for RN work (light
intensity category 2–2.9 MET) (Tudor-Locke, Ainsworth, Washington, & Troiano, 2011).
The 12-month RNs were prime-age workers (25–54 year-olds) (OECD, 2019), so high
lifetime and 12-month prevalence of musculoskeletal symptoms early careers is concerning. Many
entered the nursing workforce having had musculoskeletal symptoms predisposing them to
recurrence and/or worsening of symptoms with occupational exposure (Mitchell et al., 2008).
Additionally, 75.8% of 12-month RNs experienced musculoskeletal symptoms, mainly low back,
neck, and/or shoulder. Low back symptoms were the most severe for duration, healthcare
consultations, medication use, and leisure-time impacts, and alongside neck symptoms were most
often considered work-related.
The impact of musculoskeletal symptoms may be underestimated, as few RNs took sick
leave, even those needing health services and/or medication. They did not consider work-related
12
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musculoskeletal symptoms severe/painful enough to report to employers. This is unhelpful, as
repeated work exposure involving overexertion or bodily reaction (from unnatural positions)
exacerbates MSD (Summers et al., 2015). Nor did they report aggravated pre-existing conditions or
non-work-related MSD, which work may exacerbate adversely impacting absenteeism,
productivity, and job/workplace longevity (Summers et al., 2015). Most RNs had fixed-term or
temporary contracts and this lack of job security may have made them less inclined to report
(Geiger-Brown et al., 2005).
Despite few RNs taking sick leave for neck or low back symptoms, 20-26% of those
affected required medication and 8-15% reduced leisure activities respectively. Their
musculoskeletal symptoms may have affected work performance, particularly those on pain
medication (Mitchell et al., 2008). Working with musculoskeletal pain and/or depression
(presenteeism) has been associated with increased patient falls, medication errors, and decreased
quality of care (Letvak et al., 2012). Annually, falls and medication errors conservatively cost
$1,346/North Carolina RN and the US economy $2 billion (Letvak et al., 2012). Presenteeism costs
the Australian economy four times that of absenteeism with back and neck disorders leading
contributors to productivity loss (AIHW, 2019). Musculoskeletal and other chronic
diseases/conditions of physical inactivity are expected to increase presenteeism rates as the
workforce ages. Work-related or otherwise, MSD may impact nurses' functional capacity,
productivity and workforce participation long-term with turnover costly (Zheltoukhova, O'Dea, &
Bevan, 2012).
Exercise participation declined during the graduate year. At 12 months, 57% of RNs
exercised regularly, 10% fewer than at the outset. This accords with other studies; less than half of
New South Wales' nurses and midwives, particularly younger nurses, met recommended weekly
minimum physical activity levels and had lower levels than the Australian general population (Perry
et al., 2018). However, Perry et al. did not differentiate types of exercise, which might indicate
nurses' functional fitness for performing nursing activities safely and efficiently. In the present
13
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study, no RNs met current recommendations for weekly combined cardiorespiratory, resistance,
neuromotor, and flexibility exercise, and so were considered underactive. Walking without exertion
remained the most common exercise; approximately 30% did resistance training throughout;
however, very few did neuromotor or flexibility exercises. Such poor exercise habits will likely
reduce their physical fitness, thereby increasing risk for MSD and other chronic conditions (Booth,
Roberts, & Laye, 2012).
Counterintuitively, as whole-body strength increased in the female RNs, so did whole-body
musculoskeletal symptom severity. Research regarding protective effects of muscular strength on
MSD is inconclusive (Faber et al., 2011). Batti'e et al. (1989) found whole body lifting strength
among aircraft manufacturing workers performing manual tasks did not correlate with workplace
back injury; workers with greater isometric strength were at slightly greater risk than weaker
workers. If low exercise participation among females in the present study persists, loss of
neuromuscular strength and skeletal muscle atrophy accompanying ageing may be accentuated
(Booth et al., 2012). Long-term, weaker RNs may find nursing work taxing (requiring strength,
mobility and stamina). Despite potentially using effective techniques, they may not be strong
enough to safely perform tasks requiring isometric (static) strength like lifting/holding patient limbs
or responding to weight shifts (Ellapen & Narsigan, 2014; Pugh et al., 2019). Hence, the
relationship between whole-body strength and musculoskeletal symptom severity may change with
ageing.
Stronger female RNs spent no more time than their weaker counterparts performing physical
nursing tasks. Other factors may be of practical importance and explain variation; research into
predictors of musculoskeletal symptoms in nurses indicates both individual-level and unit-level
factors (Myers, Silverstein, & Nelson, 2002; Serranheira et al., 2015). The stronger RNs may have
performed other activities that increased risk of musculoskeletal symptoms such as invasive
procedures (Serranheira et al., 2015), used poorer techniques than weaker RNs (who may have
adaptive coping strategies to compensate for less strength) (Ellapen & Narsigan, 2014), more often
14
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nursed patients with physical, cognitive, and/or behavioural characteristics that posed greater
demands (Myers, et al., 2002), worked adverse schedules, or worked on wards with high staff
turnover (Myers, et al., 2002). These possibilities remain to be examined.
Limitations
Self-selection in this non-probability convenience sample, and thus not knowing non-participants'
attributes, precludes generalisation of results. However, there was no apparent profile difference
between the female nurses in modelling and those who dropped out. Using single baseline fitness
measures in modelling may have affected the precision with which fitness changed whole-body
musculoskeletal symptom severity. While the backward elimination procedure allowed detection of
joint predictive capability of variables, there remains the possibility of other explanatory variables
and combined effects.
CONCLUSION
Pre-registration nurses' exercise levels were below current recommendations and declined as first
year RNs while exhibiting high lifetime and 12-month prevalence of musculoskeletal symptoms.
Under-reporting suggested poor understanding of work and non-work factors contributing to MSD.
Nurse leaders in education and clinical settings should explore MSD-related presenteeism, barriers
to RN exercise and on-the-job innovations to effect health-behaviour change to improve physical
activity and functional fitness and reduce MSD risk.
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Figure 1
Conceptual framework of physiological pathways and factors potentially contributing to
musculoskeletal disorders (Steering Committee Workshop Work-related Musculoskeletal Injuries,
1999).
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Figure 2
Participant recruitment and attrition rates.
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Table 1
Characteristics and Nursing Work History of Nurses, Undergraduate to 12-months Postregistration.a
Post-registration
Undergraduate

6-months

12-months

Sample (n)

100

60

62

Age (years)

29.7 (9.2)

31.9 (9.2)

33.3 (9.5)

Weight (kg)

66.5 (13.8)

64.9 (12.8)

66.6 (14.3)

Height (cm)

166.2 (7.3)

167.1 (7.9)

167.3 (7.4)

BMI (kg/m2)

24.0 (4.5)

23.2 (4.2)

23.8 (4.5)

Female, n (%)

88 (88.0)

53 (88.3)

55 (88.7)

Employed in nursing, n (%)

21 (21.0)

60 (100.0)

62 (100.0)

5.2 (2.0)

12.1 (5.1)

Months as registered nurse
Years as enrolled nurse
Years as assistant in nursing

5 (8.1)
2.5 (2.1)

8.0 (0.0)

20.7 (12.7)

38.1 (15.3)

36.1 (12.8)

Permanent full-time

9 (15.0)

10 (16.1)

Fixed-term/temporary full-time

27 (45.0)

26 (41.9)

4 (6.7)

8 (12.9)

Fixed-term/temporary part-time

13 (21.7)

13 (21.0)

Casual

7 (11.7)

5 (8.1)

1 (1.0)

6 (10.0)

5 (8.1)

7.0 (0.0)

12.4 (6.6)

12.4 (4.3)

Medical

6 (6.0)

18 (30.0)

20 (32.3)

Surgical

3 (3.0)

15 (25.0)

12 (19.4)

Aged Care

8 (8.0)

12 (20.0)

4 (6.5)

Mental Health

1 (1.0)

4 (6.7)

8 (12.9)

Paid hours main job previous week
RN employment status main job, n (%)

Permanent part-time

Worked second nursing job, n (%)
Paid hours second job
Practice area main job, n (%)
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Perioperative

2 (3.3)

5 (8.1)

Critical Care/Emergency

2 (3.3)

4 (6.5)

Midwifery
Other

1 (1.6)
3 (3.0)

7 (11.7)

8 (12.9)

Sitting

14.8 (22.0)

11.3 (13.5)

18.6 (23.3)

Standing

14.2 (7.2)

24.0 (15.2)

23.2 (16.4)

Walking

24.3 (17.3)

32.0 (14.8)

34.2 (19.6)

Dressing/washing patients in/on

12.3 (13.0)

5.8 (6.2)

4.2 (6.3)

6.6 (6.0)

3.7 (3.8)

2.7 (3.1)

4.7 (5.1)

3.3 (3.0)

3.1 (4.2)

6.1 (6.7)

3.3 (4.7)

2.4 (3.5)

6.3 (4.6)

4.2 (4.4)

2.8 (3.7)

Moving patient and wheelchair/commode/hoist

5.1 (4.4)

3.6 (4.8)

2.7 (3.7)

Inanimate handling tasks

5.5 (4.7)

9.1 (10.0)

6.2 (6.2)

4.5 (1.7)

4.2 (1.4)

3.7 (1.7)

Proportion of time (%) doing physical nursing tasks previous
week

bath/hoist/commode/bed
Repositioning patients in/on bed/chair with assistive
device
Repositioning patients in/on bed/chair without
assistive device
Patient transfers with transfer device (to/from
bed/toilet)
Patient transfers without transfer device (to/from
bed/toilet)

Average effort of nursing work previous week (0-7 scale)b
a

Cells show mean (standard deviation in parentheses) unless otherwise stated.

b

Average effort on scales for rating physical effort, 1 = Required little physical exertion, 7 = Required extensive

physical exertion (Myers, Gebhardt, & Fleishman, 1980).

21

RN fitness, exercise, MSD

Table 2
Weekly Exercise Performed by Nurses Pre-registration to 12 months Post-registration.a
Exercise Category

Undergraduate

Post-registration
6-mo

12-mo

100

60

62

82 (82.0)

46 (76.7)

45 (72.6)

4.7 (4.1)

4.4 (3.2)

4.2 (2.9)

202.0 (205.1)

173.8 (158.1)

182.6 (164.7)

12.8 (2.1)

12.1 (2.1)

12.8 (1.8)

36 (36.0)

19 (31.7)

20 (32.3)

4.9 (4.2)

4.1 (3.3)

3.6 (2.5)

177.5 (165.0)

161.3 (145.9)

187.8 (161.1)

14.6 (2.3)

14.7 (1.8)

15.0 (2.3)

13 (13.0)

8 (13.3)

7 (11.3)

2.1 (1.7)

2.4 (1.5)

3.7 (3.1)

Total time/week (min)

92.7 (51.9)

123.1 (81.7)

197.1 (165.8)

Perceived exertionb

12.2 (3.2)

13.4 (3.7)

13.7 (2.5)

4 (4.0)

3 (5.0)

2 (3.2)

1.3 (0.5)

1.7 (0.6)

1 (0.0)

Total time/week (min)

46.3 (16.0)

95.0 (43.3)

52.5 (10.6)

Perceived exertionb

15.0 (3.6)

13.0 (4.0)

10.0 (1.4)

Sample (n)
Cardiorespiratory exercise (e.g.,

n (%)

walk/jog/swim)
Frequency/week
Total time/week (min)
Perceived exertionb
Resistance exercise (e.g., weight

n (%)

lift/calisthenics/circuit training)
Frequency/week
Total time/week (min)
Perceived exertionb
Neuromotor exercise (e.g., yoga)

n (%)

Frequency/week

Flexibility exercise (e.g., Pilates)
Frequency/week

n (%)

a

Cells show mean values (standard deviation in parentheses) unless otherwise stated.

b

Perceived exertion on Borg Rating of Perceived Exertion (RPE) Scale: 6 ‘No exertion at all’, 7-8

‘Extremely light’ exercise, 9 ‘Very light’ exercise, 11 ‘Light’ exercise, 13 ‘Somewhat hard’ exercise, 15
‘Hard (heavy)’ exercise, 17 ‘Very hard’ exercise, 19 ‘Extremely hard’ exercise, 20 ‘Maximal exertion’
(extremely strenuous exercise) (Borg, 1998).
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Table 3
Work and Non-work-related Musculoskeletal Symptoms among Nurses as Undergraduates (UG) (N
= 100), 6-month Registered Nurses (RN) (n = 60), and 12-month RN (n = 62).a
Prevalence
Lifetime
Body region

Annual
UG

Monthly

6-mo

12-mo

RN

RN

UG

Point

6-mo

12-mo

RN

RN

UG

6-mo

12-mo

RN

RN

9 (9.0)

4 (6.7)

9 (14.5)

4 (4.0)

6

5 (8.1)

Arm and neck:
Neck

33

20

22

23

15

16

(33.0)

(33.3)

(35.5)

(23.0)

(25.0)

(25.8)

30

19

17

20

9 (9.0)

12

15

(30.0)

(19.0)

(28.3)

(32.3)

(20.0)

(24.2)

Elbow

7 (7.0)

1 (1.0)

1 (1.7)

2 (3.2)

0

1 (1.7)

0

0

0

0

Wrist

21

15

10

10

7 (7.0)

6

6 (9.7)

1 (1.0)

0

2 (3.2)

(21.0)

(15.0)

(16.7)

(16.1)

17

11

13

7 (11.3)

7 (11.3)

5 (5.0)

4 (6.7)

3 (4.8)

(17.0)

(11.0)

(21.7)

63

46

28

33

30

24

20

13

11

8 (12.9)

(63.0)

(46.0)

(46.7)

(53.2)

(30.0)

(40.0)

(32.3)

(13.0)

(18.3)

12

11

8

6 (9.7)

7 (7.0)

4 (6.7)

5 (8.1)

0

1 (1.7)

4 (6.5)

(12.0)

(11.0)

(13.3)

18

13

10

11

6 (6.0)

7

7 (11.3)

1 (1.0)

4 (6.7)

3 (4.8)

(18.0)

(13.0)

(16.7)

(17.7)

28

17

10

7 (11.3)

5 (8.1)

5 (5.0)

1 (1.7)

1 (1.6)

(28.0)

(17.0)

(16.7)

Shoulder

44 (44)

(10.0)

(10.0)

Back:
Upper
back
Low back

9 (9.0)

8
(13.3)

Leg:
Hip/Thigh

Knee

Ankle/Foot

a

(11.7)
9 (9.0)

5 (8.3)

Cells show number (%).
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SUPPLEMENT 1
FITNESS TESTING PROTOCOL
Order of testing
Fitness tests are done on the same day within a short period. Tests are organised in a specific order to
minimise the effect of each test on the tests that follow. The order shown in Table 1 gives an accurate
baseline for resting heart rate and blood pressure, and allows for warm up for muscular fitness testing.
Table 1 Fitness testing order and equipment
Station

Test

1

Pre-exercise screening

2

• Resting heart rate
• Resting blood pressure
• Height, body mass, waist
circumference, hip circumference

3

Åstrand submaximal cycle ergometer
test

4
5

• Sit and reach
• Handgrip strength
Mid-thigh pull

6

Static back extension

Equipment
• Physical Activity Readiness Questionnaire (PAR-Q) (Canadian
Society for Exercise Physiology, 2002)
• University Pre-exercise Medical Questionnaire
• University Final Assessment – Final Checklist
• Watch/clock with seconds measure
• Stethoscope
• Sphygmomanometer
• Blood pressure cuff
• Stadiometer
• Digital weight scale
• Tape measure
• Monark 818 E cycle ergometer
• Heart rate chest monitor (transmitter) with integrated receiver
watch
• Tap water
• Flex-Tester Flexometer
• Lafayette Model-78010 dynamometer
• Adjustable isometric rack and force plate
• Computer Sand Ballistic Measurement System Software
• Padded table
• Chair
• Straps
• Stopwatch
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RESTING HEART RATE
Background
Cardiorespiratory fitness will be assessed by resting heart rate (HR), resting blood pressure (BP), and
the Åstrand-Rhyming Cycle Ergometer Test (Thompson, Gordon, & Pescatello, 2010). Resting HR is
the heart rate measured when the cardiovascular system is undisturbed by physical activity, food, or
substances such as medications, drugs or alcohol (Coombes & Skinner, 2014). Resting HR is best
measured upon waking but this is not practical for fitness testing; therefore, it is most often obtained
without preceding vigorous exercise and after the person has sat quietly for 5 min. A high resting HR
may be a symptom of a health problem, while a low resting HR generally confirms good
cardiorespiratory fitness (Coombes & Skinner, 2014). Heart rate is also used to safely monitor
participants during submaximal exercise testing (Noonan & Dean, 2000).

Preparation
Check if the participant has voided their bladder recently; if not, ask them to void before proceeding.
The participant should refrain from smoking cigarettes or ingesting caffeine and alcohol for at least 2 h
prior to fitness testing. The participant should have eaten their last meal 2-3 h before fitness testing but
have avoided food within 2 h of the fitness test.
Prior to taking the radial pulse, the participant should be seated quietly for at least 5 min in a chair with
back support and with their feet flat on the floor.

Protocol
•

With the participant’s elbow and forearm resting comfortably on a table (or similar), locate the radial
pulse.

•

Using pads of the fingertips apply light pressure until the pulse is felt.

•

Palpate and count the pulse for 15 s.

•

Ensure you count the first pulse as 0.

•

Multiply the number of pulsations by 4 to determine beats per min.

•

Record value as beats per min (bpm) (see Ehrman, 2010)
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RESTING BLOOD PRESSURE
Background
Cardiorespiratory fitness will be assessed by resting HR, resting BP, and the Åstrand-Rhyming Cycle
Ergometer Test (Thompson et al., 2010). Resting BP is the BP recorded when the cardiovascular system
is undisturbed by physical activity, food, or substances such as medications, drugs or alcohol (Coombes
& Skinner, 2014). Resting BP is an indicator of risk for cardiovascular events (Thompson et al., 2010).
Persons with a systolic BP of 120-139 mmHg or a diastolic BP of 80-89 mmHg are classified as
prehypersensive (Chobanian et al., 2004), which increases their risk developing hypertension and
cardiovascular disease (Drukteinis et al., 2007; Kokkinos et al., 2007; Liszka, Mainous III, King,
Everett, & Egan, 2005). Importantly, prehypertension is responsive to lifestyle modifications including
physical activity (Thompson et al., 2010).

Preparation
Prior to measuring the BP, the participant should be seated quietly for at least 5 min in a chair with back
support and with their feet flat on the floor.

Protocol
•

To measure BP, the participant’s arm should be extended horizontally and supported at heart level
(mid-sternum) slightly flexed with the palm and brachial space facing upwards.

•

Remove tight or restrictive clothing from the participant’s limb. The participant’s upper arm should
be fully exposed so that the cuff can be properly applied.

•

Select the appropriate cuff size to ensure accurate readings. The cuff bladder should encircle at least
80% of the upper arm.

•

Locate the participant’s brachial artery.

•

Ensure that the cuff is completely deflated. Wrap the cuff around their upper arm, aligning the centre
of cuff bladder directly over the brachial artery. The lower cuff edge should be 2.5 cm above the
antecubital space. (Do not apply cuff over clothing, as material will muffle sounds.)

•

Position the manometer within 1 m of the participant and at the tester’s eye level (reading is taken
from the top of the column of mercury, at the line closest to the nearest 2 mmHg).

•

The participant should avoid talking or moving during measurement.
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Step 1 (to determine the level of maximum inflation):
•

Locate the participant’s brachial or radial pulse digitally, and monitor this through the next step.

•

Close the control valve on the sphygmomanometer.

•

Gently inflate the cuff and palpate the artery until the arterial pulse can no longer be felt.

•

Note the pressure on the sphygmomanometer that corresponds to the disappearance of the arterial
pulse (palpated systolic).

•

Open the valve to quickly let the cuff down and wait 1 min to allow the blood trapped in the veins to
be released and return to circulation.

Step 2:
•

Re-inflate the cuff to 30 mmHg higher than the estimated systolic blood pressure.

•

Place the stethoscope diaphragm over the brachial artery.

•

Slowly deflate cuff at a rate of 2-3 mmHg per second or per heartbeat.

•

Note when the first Korotkoff sound occurs on the sphygmomanometer. The appearance of the first
phase sounds is recorded as the systolic blood pressure.

•

Continue to deflate the cuff; noting the point at which the last Korotkoff sound disappears. The
disappearance of all sounds is the measure of diastolic blood pressure.

•

Continue to listen for another 30 mmHg below the final reading and then deflate the cuff rapidly and
completely to decrease participant discomfort.

•

Record readings. As dial is graduated in steps of 2 mmHg, the numbers should be even.

•

At least two measurements should be made (minimum of 1 min apart). If the difference between
readings is > 5 mmHg then obtain an additional reading and calculate the mean.

•

Remove the cuff. (see Beckett et al., 2011; Thompson et al., 2010)
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ANTHROPOMETRIC MEASUREMENTS
Background
Standing height and body mass measurements will be used to calculate body mass index (BMI). A
BMI greater than 25 kg/m2 is associated with a risk of obesity-related comorbidities including type
2 diabetes, hypertension, cardiovascular disease, kidney disease, osteoarthritis, and sleep disorders
(National Health and Medical Research Council, 2013).

Preparation
It is important to measure and record the participant’s height, body mass, waist, and hip
circumference three times and record the mean of the three. Two testers should perform the girth
measurements.

Protocol: Measuring height
•

With shoes off, ask the participant stand erect against the stadiometer, arms loosely at each side, feet
together and flat on the floor (both heels, buttocks and scapulae should touch the wall-plate).

•

Instruct the participant to look straight ahead and hold their head in the horizontal plane. The lower
margin of the eye socket (orbitale) and the upper margin of the external auditory meatus (tragion)
should form a horizontal line parallel to the floor (The Frankfort Plane). (If necessary, position the
participant’s head.)

•

Lower the measuring plate onto the scalp.

•

Ask participant to inhale fully (“Take a deep breath”).

•

Ensure that the measuring plate is horizontal and tester’s eyes are level with the arm.

•

Record their height to the nearest 0.1 cm.

•

Repeat another two (2) times.

Protocol: Measuring body mass
•

With shoes off, have the participant stand still on the digital weight scale and look straight forward.

•

Record his/her body mass to nearest 0.1 kg.

•

Repeat.
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WAIST AND HIP CIRCUMFERENCES
Background
Waist circumference is an indicator of central adiposity, which is a major risk factor for obesity-related
diseases such as hypertension, type 2 diabetes, hyperlipidaemia, metabolic syndrome, and
cardiovascular disease (Bray, 2004). The waist-to-hip ratio is another indicator of central adiposity and
risk for developing chronic, obesity-related health problems (Bray, 2004). The interrelationship between
BMI and waist circumference is also an indicator of the risk of obesity-related morbidities (SIGN,
2010).

Preparation
Have the participant stand in the anatomical position (body erect; evenly balanced on both feet with feet
approximately 25-30 cm apart and facing forwards; arms hanging loosely at sides; and their head, eyes
and palms of the hands facing forwards).

Protocol: Measuring waist and hip circumferences
•

Ask the participant’s permission to lift clothing to place the measuring tape against the skin.

•

Measure waist circumference while positioned at the participant’s side (along the mid-axillary line)
to keep out of their personal space.

•

The waist is located at the narrowest point or midway between the iliac crest (hip bone) and the costal
margin (lower rib).

•

Check that the measuring tape is horizontal.

•

Ask the participant to fully exhale then record waist circumference to the nearest 0.1 cm.

•

Take three (3) measurements, alternating between the hip and waist.

•

Hip circumference is then measured at the level of the participant’s greatest gluteal protuberance.
The measurement is made over clothing.

•

To determine measurement divide by 3 and record the mean unless one score varies greatly from the
other two measurements in which case discard that score and divide by two (2) to give mean (cm).

•

To calculate the waist-to-hip ratio: waist circumference divided by hip circumference
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ÅSTRAND SUBMAXIMAL CYCLE ERGOMETER TEST
Background
Cardiorespiratory or aerobic fitness is the capacity of the body to be involved in continuous physical
activity involving large muscle movements like walking, jogging, or cycling for an extended period
(Porcari, Brant, & Comana, 2015; Thompson et al., 2010). This requires efficient functioning of the
heart, lungs, and blood vessels to supply oxygen and nutrients to the working muscles and to remove
carbon dioxide and waste materials (Porcari et al., 2015). Aerobic exercise may induce reductions in
resting systolic and diastolic blood pressure in adults (Kelley, Kelley, & Vu Tran, 2001). Low
cardiorespiratory fitness increases a person’s risk for developing hypertension compared to highly fit
persons (Blair, Goodyear, Gibbons, & Cooper, 1984). It is a risk factor for many lifestyle diseases
(Booth, Roberts, & Laye, 2012) and a strong predictor of cardiovascular disease events (Blair et al.,
1989; Myers, 2003; Thompson et al., 2010; Wei et al., 1999). Cardiorespiratory fitness will be assessed
by resting HR, resting BP, and the Åstrand-Rhyming Cycle Ergometer Test (Thompson et al., 2010)
(Figure 1).

Figure 1 Åstrand Submaximal Cycle Ergometer Test
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Preparation
The Åstrand Submaximal Cycle Ergometer Test is a 6-min single stage submaximal protocol; its
goal is to obtain a steady-state HR between 130 and 170 bpm. The participant completes a
minimum of 6 min cycling at a set intensity and their heart rate is recorded each min. After the 5th
min the tester identifies the time at which the participant’s heart rate is at steady-state (does not
fluctuate by ≤ 5 bpm). When a steady-state heart rate is reached after the 5-min mark (i.e., between
5th and 6th min) the test can be stopped. If a steady-state heart rate is not reached between the 5th
and 6th minutes the participant should be instructed to continue cycling until a steady state-heart rate
is reached.

Protocol
•

Moisten Heart Rate (HR) monitor with tap water to improve signal detection.

•

Fit the participant with prepared HR chest monitor, have them sit and record their resting HR (this
can be done while they are resting for their BP measurement).

•

Have the participant move to the cycle ergometer and adjust seat to the correct height.

•

Suggested work rates based on gender and fitness status as follows:
o Unconditioned males: 300 or 600 kg.m.min-1 (60 or 120 W) (2 kp x 60 rpm)

o Unconditioned females: 300 or 450 kg.m.min-1 (60 or 90 W) (1.5 kp x 60 rpm)
o Conditioned males: 600 or 900 kg.m.min-1 (120 or 180 W) (3 kp x 60 rpm)

o Conditioned females: 450 or 600 kg.m.min-1 (90 or 120 W) (2 kp x 60 rpm)

•

Instruct the participant to pedal at 60 rpm and ensure this cadence is maintained for the duration of
the test.

•

If HR is < 130 bpm at the end of the 1st min, stop the test and allow the participant to recover for 3
min. Then restart the test and increase workload by 300 kg.m.min-1 (50 W) and have the participant
exercise for six more minutes at this workload.

•

Record the HR for each minute of the test and regularly check on the welfare of the participant. If
any adverse symptoms occur (e.g., pain / breathlessness), discontinue the test.

•

After the 6th min, check that the HR does not differ by more than 5 bpm from the heart rate reached
after the 5th min. If the HR does not fluctuate by more than 5 bpm, a steady-state HR has been
obtained and the test can be stopped.

•

If the HR following the 5th and 6th minutes differs by > 5 bpm, continue the test until steady-state HR
(does not fluctuate by ≤ 5 bpm) is achieved.

•

After steady-state HR is recorded lower the resistance to 50W and allow the participant to warm
down for 2 min.

•

Calculate Workload (watts/kg) (where watts = [(kps) x RPM x 6] / 6.12)
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•

Calculate predicted maximum rate of oxygen consumption (VO2max) in L/min (absolute) and in
mL/kg/min (relative)

FLEXIBILITY: SIT AND REACH TEST
Background
Flexibility is the range of motion at a joint (Coombes & Skinner, 2014; Porcari et al., 2015).
Maintaining flexibility is important for posture, efficient body movement, and to reduce the risk of
muscle and joint injury during activities of daily living, work and leisure activities (Coombes &
Skinner, 2014). Poor low back and hip flexibility is thought to be a risk factor for the development of
musculoskeletal symptoms in the low back (Coombes & Skinner, 2014). Low back and hip joint
flexibility will be assessed by the trunk flexion (sit-and-reach) test (Thompson et al., 2010) (Figure 2).

Figure 2 Sit and reach test

Preparation
The Åstrand Submaximal Cycle Ergometer Test forms the warm-up for the Sit and Reach test. The
participant’s feet are at ‘0’, from which a positive or negative reading is recorded. The participant
should exhale and drop their head between their arms when reaching. The tester should ensure that the
participant’s knees remain extended but should not press the participant’s knees down.
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Protocol
•

Without shoes, the participant sits on the floor with their legs fully extended and the bottom of their
feet against the flexometer.

•

Instruct the participant to place one hand on top of the other, relax, exhale, and to slowly bend and
reach forward as far as possible without knee flexion.

•

The position of maximal flexion must be held for 3 s.

•

The score is the most distant point reached with the fingertips.

•

Record the maximal distance (cm) of three (3) trials.

HANDGRIP STRENGTH TEST
Background
Muscular strength reflects the external force that a muscle or group of muscles can generate (Coombes
& Skinner, 2014; Thompson et al., 2010). The maintenance of muscular strength is important in order to
perform daily activities without fatigue, residual soreness, or risk of injury (Coombes & Skinner, 2014).
Combined handgrip will be used as an indicator of upper body strength (Ehrman, 2010) (Figure 3).

Figure 3 Handgrip strength test
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Preparation
The Åstrand Submaximal Cycle Ergometer Test forms the warm-up for the Handgrip Strength test.

Protocol
•

Have participant grasp the dynamometer and adjust the grip so their second knuckle fits under the
handle and takes the weight of the dynamometer. Ensure that this grip is maintained throughout.

•

In a standing position have the participant hold the handgrip dynamometer to their side, in line with
the forearm, palm facing towards their thigh and with the elbow extended.

•

Instruct the participant to exert maximal force by squeezing the handle vigorously, while exhaling
during the exertion. Ensure the dynamometer does not touch the participant’s body or any other
object during the test.

•

Record maximal exertion (kg) three times, alternating between both hands

•

The sum of the maximal reading from each hand is taken as the result for grip strength.

MID-THIGH PULL TEST
Background
Muscular strength reflects the external force that a muscle or group of muscles can generate (Coombes
& Skinner, 2014; Thompson et al., 2010). Maintenance of muscular strength is important in order to
perform daily activities without fatigue, residual soreness, or risk of injury (Coombes & Skinner, 2014).
The isometric mid-thigh pull test will be used to assess whole body strength (Coombes & Skinner,
2014; McGuigan, Newton, Winchester, & Nelson, 2010) (Figure 4). One of the advantages of this test is
that it can be safely implemented across a wide range of the population.
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Figure 4 Mid-thigh pull test

Preparation
The participant will perform three (3) attempts to pull against the bar. The first attempt will be a practice
and they are instructed not to pull maximally. The next two (2) attempts should be maximal efforts.

Protocol
•

The computer should be situated in front of the force plate and the tester seated facing the participant
and directly in front (to monitor that the participant looks straight ahead)

•

Position the force plate over the portable mid-thigh pull apparatus and instruct the participant to stand
on the centre of the force plate.

•

Adjust the straps of the portable mid-thigh pull apparatus so that the participant is in the correct
position and ensure there is tension on the straps (no slack).

•

Position of the participant standing on force plate:

•

Feet shoulder-width apart

•

Erect position, with knees slightly bent (~40-50o) and slightly flexed at the hips (straight back, chest
up)

•

Hands grip the bar shoulder width apart using over-hand grip
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•

Shoulders positioned over the bar with arms straight. When in correct position, the shoulders remain
depressed, not shrugged up.

•

The bar should be situated over the balls of the feet (between the toes and the arch).

•

Everyone’s anatomy is slightly different but once in the correct position the bar should be at mid-tohigh thigh level (aligned with the bottom of the crotch) and the knees will naturally have a slight
bend. The exact angle of the knees will vary between participants when in the correct position but is
usually ~40-50o. The hips are only bent as far as necessary to straighten the arms; significant hip
flexion must be avoided.

•

Look straight ahead

•

Explain to the participant that they will have to “pull against the bar as hard and as fast as possible”
while pushing feet into the force plate.

•

Before each attempt: check that the hook connecting the strap to the platform is in situ.

•

Warm ups and practice technique: instruct the participant to practice at 25% of their maximal
effort, then relax; then 50% of their maximal effort, then relax; then 75% of their maximal effort,
then relax and put the bar down but must not move their feet.

•

Check for adverse effects: “Does your neck feel okay? Your shoulders? Your back?” If any adverse
symptoms (e.g., pain), discontinue the test.

•

Ask the participant to pick up the bar and resume the test position. When the participant is ready,
count down, “3, 2, 1 pull!” and encourage them to perform a maximal effort for 3-5 s. (“Push, push,
push...”)

•

Have the participant perform three (3) trials, separated by ~1 min. The difference in peak force (N)
should be no more than 250 N between each trial.

•

Record the highest peak force of all trials for the whole body strength measure.
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BACK MUSCLE ENDURANCE TEST
Background
Muscular endurance reflects the ability of group of muscles to sustain maximum or submaximum force
(McArdle, Katch, & Katch, 2006). Isometric back extension endurance may be predictive of episodes of
low back pain (Demoulin, Vanderthommen, Duysens, & Crielaard, 2006; Stewart, Latimer, &
Jamieson, 2003). The modified Biering-Sørensen back extension test will be used to assess the muscular
endurance of the back through isometric contractions (that is, muscles activate without movement at the
joint) (Canadian Society for Exercise Physiology, 2003; Demoulin et al., 2006) (Figure 5).

Figure 5 Modified Biering-Sørensen test

Preparation
The test should not be administered if the participant indicates having back problems in the PAR-Q or
until the participant has passed a set of screening activities. The test is performed once only.

Protocol
•

The participant is required to perform screening activities for back pain/discomfort before
attempting the back extension test.
o Ask the participant to lay face down on the test table and perform a single, straight-leg
extension with the right leg and then the left leg

o The participant should then perform a straight-leg extension with the right leg in conjunction
with an extension of the left arm, followed by extension of the left leg and right arm

o If no back pain/discomfort is reported, then the participant may proceed to the back extension
test

•

Instruct the participant to lie in a prone position on a padded table with the upper body extending
beyond the edge of the table, with the upper edge of the iliac crests aligned with the edge of the table.
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•

Secure the lower thighs and calves to the table with the support straps.

•

With the participant’s arms folded across the chest, ask the participant to isometrically maintain the
upper body in a horizontal position.

•

Once the position is assumed, start timing and the record the time that the participant is able to
maintain this horizontal position to a maximum of 180 s. (The goal is for the participant to hold the
starting position (isometric contraction) as long as possible after the support is removed.)

•

Remind the participant to keep breathing normally throughout the test.

•

Stop the test if the participant experiences any back pain/discomfort, or if their upper body drops
below horizontal and cannot correct after one warning, or when the participant has reached 180 s
(180 s is maximum amount of time for the correct position to be held).

•

Record the time held in seconds (maximum 180 s).

•

Once the test is stopped, instruct the participant to take hold of support again and release the support
straps from the participant’s legs.

•

Recovery: Once the support straps are released, advise the participant to perform a back flexion
exercise.
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Supplement 2
SCORING THE ONLINE EXTENDED NORDIC MUSCULOSKELETAL
QUESTIONNAIRE (NMQ-E2)
The online extended version Nordic Musculoskeletal Questionnaire (NMQ-E2) (Pugh et al., 2015)
lacks a formal scoring system. Therefore, a musculoskeletal symptom severity score was calculated
for the nine body regions by adapting the Cornell Musculoskeletal Questionnaire scoring (CUErgo,
c. 2003).
For Frequency score, annual duration of musculoskeletal symptoms was coded: 0 = 0 days, 1.5 = 1–
7 days, 3.5 = 8–30 days, 5 = more than 30 days but not every day, 10 = every day (range 0–10).
Duration that musculoskeletal symptoms reduced work at/away from home in preceding year was
coded: 1 = Never, 2 = 1–7 days, 3 = 8–30 days, 4 = More than 30 days and reduced leisure
activities was coded as 1 = No, 2 = Yes. Frequency and Duration scores were summed for the
Interference score (range 0–6).
For the Discomfort score, if participants saw a health professional, required medication, or took sick
leave were each coded 1 = No, 2 = Yes; the three scores were summed (range 0–6). Missing
Frequency scores were coded as 0, so the product of Frequency, Discomfort, and Interference
equalled 0. Missing Discomfort or Interference scores were treated as missing (omitted from
product calculation), so the product of the three scores was at least equal to the Frequency score
value.
Each region's symptom severity scores were calculated as:
Frequency score × Interference score × Discomfort score.
Scores for all body regions were summed for whole-body symptom severity scores.
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Supplement 3
Leisure-time Exercise/Sports Commonly Performed by Nurses, Pre-registration to 12-months Postregistration.a
Exercise

Undergraduate

Post-registration
6-months

12-months

100

60

62

66 (66.0)

37 (61.7)

35 (56.5)

Walkingc

45 (45.0)

26 (43.3)

23 (37.1)

Jogging/runningc

25 (25.0)

10 (16.7)

13 (21.0)

Swimming

10 (10.0)

7 (11.7)

12 (19.4)

Sample (n)
Exercised/played sport regularly
Exercise/sport performed by ≥ 10% of participants
previous weekb
Cardiorespiratory

Bicyclingc

6 (10.0)

Bush walking

6 (10.0)

Resistance
Weight lifting/training

16 (16.0)

9 (15.0)

7 (11.3)

Health club general exercise classes, or

15 (15.0)

7 (11.7)

9 (14.5)

Resistance training

12 (12.0)

6 (10.0)

Calisthenics (pushups, crunches, sit-ups)

10 (10.0)

Circuit training

14 (14.0)

gym/weight training single visit

Neuromotor
Yoga
a

Cells show number (%).

b

Multiple responses allowed.

c

Excluding transport to work.

10 (10.0)
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Supplement 4
Impact, Work-relatedness and Severity of Musculoskeletal Symptoms (Aches, Pain or Discomfort)a
among Nurses as Undergraduates (UG) (N = 100), 6-month Registered Nurses (RN) (n = 60), and 12month RN (n = 62).b
Neck

Shoulder

Elbow

Wrist

Upper

Low back

back

Hip/

Knee

Thigh

Ankle/
Foot

0

1 (1.0)

3 (3.0)

5 (5.0)

0

2 (2.0)

0

2 (2.0)

6 (6.0)

3 (3.0)

4 (4.0)

3 (3.0)

5 (5.0)

3 (3.0)

8 (8.0)

3 (3.0)

4 (4.0)

2 (2.0)

Undergraduate

4 (4.0)

3 (3.0)

1 (1.0)

3 (3.0)

2 (2.0)

11 (11.0)

3 (3.0)

2 (2.0)

6 (6.0)

6-mo RN

3 (5.0)

0

0

1 (1.7)

1 (1.7)

2 (3.3)

0

2 (3.3)

4 (6.7)

12-mo RN

4 (6.5)

2 (3.2)

1 (1.6)

2 (3.2)

2 (3.2)

3 (4.8)

1 (1.6)

3 (4.8)

2 (3.2)

Undergraduate

5 (5.0)

5 (5.0)

1 (1.0)

6 (6.0)

2 (2.0)

15 (15.0)

5 (5.0)

5 (5.0)

5 (5.0)

6-mo RN

3 (5.0)

2 (3.3)

0

2 (3.3)

2 (3.3)

7 (11.7)

2 (3.3)

6 (10.0)

6 (10.0)

12-mo RN

5 (8.1)

2 (3.2)

1 (1.6)

2 (3.2)

0

9 (14.5)

1 (1.6)

2 (3.2)

2 (3.2)

Undergraduate

14 (14.0)

5 (5.0)

1 (1.0)

5 (5.0)

7 (7.0)

23 (23.0)

4 (4.0)

5 (5.0)

6 (6.0)

6-mo RN

10 (16.7)

6 (10.0)

1 (1.7)

3 (5.0)

4 (6.7)

12 (20.0)

4 (6.7)

2 (3.3)

4 (6.7)

12-mo RN

10 (16.1)

9 (14.5)

1 (1.6)

2 (3.2)

2 (3.2)

14 (22.6)

4 (6.5)

4 (6.5)

2 (3.2)

Undergraduate

12 (12.0)

7 (7.0)

1 (1.0)

5 (5.0)

3 (3.0)

23 (23.0)

4 (4.0)

3 (3.0)

2 (2.0)

6-mo RN

10 (16.7)

8 (13.3)

1 (1.7)

3 (5.0)

2 (3.3)

14 (23.3)

2 (3.3)

3 (5.0)

4 (6.7)

12-mo RN

12 (19.4)

7 (11.3)

1 (1.6)

0

3 (4.8)

16 (25.8)

3 (4.8)

2 (3.2)

3 (4.8)

Ever hospitalised

c

Ever changed job or
duties

c

Reduced normal work
at/away from homed

Reduced leisure activityd

Visited health
professionald

Took medication

Took sick leave

d

d

Undergraduate

0

1 (1.0)

1 (1.0)

3 (3.0)

1 (1.0)

4 (4.0)

0

0

0

6-mo RN

1 (1.7)

0

0

1 (1.6)

0

0

0

0

2 (3.3)

12-mo RN

2 (3.2)

1 (1.6)

1 (1.6)

0

0

2 (3.2)

1 (1.6)

0

1 (1.6)

Undergraduate

10 (10.0)

7 (7.0)

0

3 (3.0)

6 (6.0)

29 (29.0)

2 (2.0)

0

11 (11.0)

6-mo RN

13 (21.7)

5 (8.3)

0

1 (1.7)

6 (10.0)

20 (33.4)

3 (5.0)

3 (5.0)

4 (6.7)

12-mo RN

12 (19.3)

10 (16.1)

0

1 (1.6)

4 (6.5)

25 (40.3)

2 (3.2)

4 (6.4)

4 (6.5)

Undergraduate

9.1 (20.3)

5.4 (16.1)

0.4 (3.6)

8.2
(31.1)

4.8
(16.8)

17.7
(33.1)

4.2 (18.2)

4.9 (18.8)

4.3

6-mo RN

9.7 (20.7)

6.7 (12.3)

0.6 (4.5)

5.6
(21.2)

5.5
(12.2)

14.8
(21.4)

3.8 (13.1)

4.9 (13.7)

4.2
(12.9)

3.5
(10.7)

18.8
(33.3)

6.3 (26.8)

Work-relatede

Severity score, Mean
(SD)

12-mo RN

12.1 (23.8)

7.5 (15.0)

1.5
(10.7)

(13.4)
7.6
(22.4)
5.2 (16.3)

5.6
(22.7)

Measured by NMQ-E2 (Pugh, et al., 2015).
Cells show number (%) unless otherwise stated.
c
Lifetime hospitalised or changed job reported on undergraduate survey.
d
During the previous 12 months.
e
Symptoms considered partly/solely related to present work.
a

b
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Supplement 5
Summary of Backward Elimination Regression Analysis; Beta Coefficients (with Standard Errors)a for Predictors of Whole-body Musculoskeletal
Symptom Severity (Log Transformation of Whole-body Musculoskeletal Symptom Severity Scores).
Constant
Mid-thigh pull peak force
Mean resting diastolic blood pressure
VO2max (relative)
Mean back extension time
Waist circumference
Regular sport
Normalized combined handgrip strength
Mean heart rate
Flexibility
Time
R-squared
Adjusted R-squared

Model 1
6.720
(2.229)
0.004***
(0.001)
-0.031
(0.016)
-0.024
(0.018)
-0.005
(0.003)
-0.016
(0.015)
-0.167
(0.230)
-0.100
(0.190)
-0.005
(0.013)
0.002
(0.011)
-0.015
(0.132)
0.233
0.140
93

Model 2
6.693
(2.203)
0.004***
(0.001)
-0.031*
(0.016)
-0.024
(0.018)
-0.005
(0.003)
-0.016
(0.015)
-0.162
(0.224)
-0.100
(0.189)
-0.009
(0.013)
0.002
(0.011)

Model 3
6.746
(2.169)
0.004***
(0.001)
-0.031*
(0.015)
-0.024
(0.017)
-0.005
(0.003)
-0.016
(0.015)
-0.166
(0.222)
-0.100
(0.187)
-0.006
(0.012)

Model 4
6.311
(1.958)
0.004***
0.001)
-0.033*
(0.015)
-0.023
(0.017)
-0.005
(0.003)
-0.016
(0.014)
-0.138
(0.213)
-0.082
(0.183)

Model 5
6.126
(1.906)
0.003***
(0.001)
-0.033*
(0.015)
-0.024
(0.017)
-0.005
(0.003)
-0.015
(0.014)
-0.155
(0.208)

Model 6
6.180
(1.899)
0.003***
(0.001)
-0.035*
(0.015)
-0.026
(0.017)
-0.005
(0.003)
-0.017
(0.014)

Model 7
4.599
(1.356)
0.003***
(0.001)
-0.031*
(0.014)
-0.022
(0.017)
-0.003
(0.003)

Model 8
4.072
(1.294)
0.003***
(0.001)
-0.027
(0.014)
-0.024
(0.017)

Model 9
2.807
(0.956)
0.003***
(0.001)
-.021
(0.014)

Model 10
1.512
(0.458)
0.003***
(0.001)

0.233
0.150
93

0.233
0.160
93

0.231
0.168
93

0.229
0.176
93

0.224
0.180
93

0.211
0.176
93

0.198
0.171
93

0.179
0.161
93

0.158
0.148
93

No. observationsb
a
Beta coefficients are reported with standard errors in parentheses.
b
Observations across three time points from 43 female nurses completing fitness test and all surveys.
* p < .05, *** p < .001
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